The objective of this study was to investigate TNF promoter region polymorphisms for association with susceptibility to ankylosing spondylitis (AS). The TNF −238 and −308 polymorphisms were genotyped in 306 English AS cases and 204 ethnically matched healthy B27-positive controls, and 96 southern German AS cases, 58 B27-positive and 251 B27-negative ethnically matched controls. Additionally, the TNF −376 polymorphism was genotyped in the southern German cases and controls. In the southern German AS patients a significant reduction in TNF −308.2 alleles was seen, compared with B27 positive controls (odds ratio 0.4, P = 0.03, 95% confidence interval 0.2-0.9), but no difference in allele frequencies was observed at TNF −238. Significant association between AS and both TNF −238 and TNF −308 was excluded in the English cases. These results confirm previous observations in the southern German population of association between TNF promoter region polymorphisms and AS, but the lack of association in the English population suggests that these polymorphisms themselves are unlikely to be directly involved. More likely, a second, non-HLA-B, MHC locus is involved in susceptibility to AS in these two populations. Genes and Immunity (2000) 1, 418-422.
Introduction
Ankylosing spondylitis (AS) is a common inflammatory rheumatic disease with a strong familial predisposition. Susceptibility to AS is largely determined by genetic factors, with heritability in twins estimated to be Ͼ90%. 1 Although Ͼ90% of subjects with AS carry HLA-B27 (B27), 2, 3 only a small proportion (1-6%) of B27-positive individuals develop the condition. 4, 5 Evidence from twin and family studies suggest that genes not linked to the major histocompatibility complex (MHC) are the primary determinants of whether B27-positive individuals develop AS. 1, 6 Nonetheless, there is suggestive evidence that MHC genes other than B27 and HLA-B60 may influence susceptibility to AS, or clinical manifestations of the disease such as the occurrence of iritis, peripheral arthritis, disease severity and age of onset (reviewed in Brown and Wordsworth). 7 In particular, association between an B27/DR1 haplotype and AS has been reported in case-control, 8 twin 1 and family studies, 9 and between the DR1 subtype HLA-DRB1*0103 and B27-positive spondyloarthritis complicating inflammatory bowel disease. Tumour necrosis factor (TNF) is a potent immunomodulator with an essential role in the inflammatory response, and raised concentrations of TNF mRNA have been detected in the synovium of sacroiliac joints of AS patients. 11 A role for the TNF gene in susceptibility to AS has been suggested by recent reports of association of allelic variants of the gene, with AS. 12, 13 Although several polymorphisms of the TNF gene exist, two variants at position −238 and −308 have been most widely studied. These two variants are both located in the putative transcription regulatory region, and involve G to A transitions. Several studies have suggested that the −308 polymorphism influences secretion of TNF, the −308.2 allele (A at −308) being associated with greater TNF secretion. [14] [15] [16] [17] [18] Whether this polymorphism influences gene transcription remains uncertain, with some studies suggesting increased transcription associated with the −308.2 allele, 17, 19 and others demonstrating no difference. 20, 21 No effect of the −238 polymorphism on TNF secretion, 22 or transcriptional activation, 23 has been demonstrated. The TNF-376 (G/A) polymorphism is associated with increased susceptibility to cerebral malaria and in some studies is associated with altered TNF secretion by monocytes, 24 although this also has not been consistently reproduced. 23 
Results
The genotype and allele frequencies of TNF −238, −308 and −376 in English and southern German patients and controls are given in Table 1 .
Amongst English cases and controls, no significant genotypic or allelic differences were noted between cases and B27-positive controls at either TNF −238 or −308. This study had у90% power to detect a 2% difference in allele frequencies at TNF −238 and a 3% difference in allele frequencies at TNF −308, at a P-value of 0.05.
In the southern German AS patients no difference in allele frequencies were observed at TNF −238, but a significant reduction in TNF −308.2 alleles was seen in patients compared with B27 positive controls (odds ratio 0.4, P = 0.03, 95% confidence interval 0.2-0.9). There were no signficant differences in either TNF −238 or −308 genotype frequencies. This study had у80% power to detect a 4% difference in allele frequencies at TNF −238 at a Pvalue of 0.05.
Positive linkage disequilibrium was observed between B27 and TNF −308.1 in English (D/Dmax = 0.19, P = 0.02), Table 1 TNF genotype and allele frequencies in patients and controls. Previously reported figures were used for general population frequencies for English controls. 27 Power calculations were performed by standard methods. 28 All P-values quoted are two-tailed. No correction is required for the number of loci examined, as this is a confirmation study of a previously reported finding.
12,13 Genes and Immunity and a non-significant trend was observed in southern German healthy controls (D/Dmax = 0.19, P = 0.4). A similar trend has previously been reported in this population, 13 although even pooling the data with the current study this remains statistically non-significant (D/Dmax = 0.16, P = 0.2). Between B27 and TNF −238, strong linkage disequilibrium was observed in the southern German population (D/Dmax = 0.81, P = 0.03), but none was present in the English population.
Discussion
There is increasingly strong evidence of the presence of further genes within the MHC influencing disease susceptibility in AS, but identifying the genes involved is complicated by the strong linkage disequilibrium present across the MHC, and its varying patterns in different populations. Several studies have now reported association between HLA-DR alleles and AS, in particular with HLA-DR1 in primary AS, 1, 9, 29 and the HLA-DRB1*0103 allele in AS complicating inflammatory bowel disease (IBD). 10, 30 The strength of these findings and the fact that they have been replicated in different patient cohorts indicate that it is highly likely that one or more further genes lying on a B27-DRB1*0103 haplotype increase susceptibility to AS, particularly if complicated by IBD. Studies of the TAP and LMP loci have produced contradictory results in ethnically similar populations and therefore no firm conclusion can be made about the role of these genes in AS at this point.
TNF −238.2 and TNF −308.2 alleles have been reported to be under-represented in AS patients in the southern German 13 and western Scottish populations, 12 but studies from Holland 23 and Spain 25 have not reported any association. The current study confirms the previously reported under-representation of TNF −308.2 alleles in southern German AS patients. Combining these results with those previously reported for southern German cases and controls, the strength of B27-independent association is considerable (P = 0.001, odds ratio 0.4, 95% confidence interval 0.2-0.7). No significant difference in TNF −238.2 allele frequencies was noted between southern German AS patients and controls, although the power to detect a difference in this study was only moderate. Combining the results of the current study with that previously reported from southern Germany, 13 the results remain non-significant (P = 0.1), suggesting that any association at this locus in southern Germans must be weak.
In the English Caucasian population no significant differences in either TNF −238 or TNF −308 allele or genotype frequencies were noted, although the study had high power to detect even small effects. This indicates that it is unlikely that either TNF −238 or −308 influence susceptibility to AS themselves. One can also conclude from this finding that the polymorphism TNF −1031, which is in near complete linkage disequilibrium with TNF −238, is unlikely to be involved. 31 Furthermore, contradictory findings have been reported on whether there is an HLA-DR-independent effect of the TNF polymorphisms on susceptibility to systemic lupus erythematosus (SLE). 27, 32 A more likely explanation is that other genes in linkage disequilibrium with these loci may play a role. Linkage disequilibrium across the MHC varies in different populations, and there are significant differences in the observed linkage disequilibrium found in English and southern Germans. In this study significant linkage disequilibrium is observed between TNF −238 and B27 in southern Germans (D/Dmax = 0.8), but no linkage disequilibrium was observed in English. There are also major differences in MHC haplotype frequencies between the two populations. In English healthy B27-positive individuals, the DR1 allele frequency is 0.2, 29 whereas in southern Germans it is 0.09 (data not presented). Clearly B27-bearing MHC haplotypes have different distributions in these two related but different ethnic groups. Although further studies will be required to prove it, these findings suggests that any further MHC gene influencing susceptibility to AS lies centromeric to TNF towards the HLA-DRB1 locus. Some other studies also support the existence of an independent RA susceptibility locus in the MHC class III region. 33, 34 The gene/s involved must lie on different haplotypes in the southern German and English populations. In a southern German population the allele would most likely lie on a TNF −308.1 bearing haplotype, whereas in the English population it would lie on a DR1 haplotype, with linkage disequilibrium breaking down around TNF. Further studies of haplotypes across the MHC addressing particularly the area centromeric of TNF will be required to determine the precise location of the probably further susceptibility gene/genes.
No significant difference was noted in TNF −376 polymorphism frequencies between cases and controls in the southern German population. The −376A allele frequency was so low that the study had little power to detect even moderate sized association of this allele with AS, but the low allele frequency excludes it as a significant contributor to the linkage disequilibrium observed at TNF −238.
In summary, this study confirms the reported association between TNF −308.1 and AS in the southern German population. At both this locus and the TNF −238 locus, previously also reported to be associated with AS in southern Germany, no association was found in the English population. This suggests that these two loci are unlikely to contribute themselves to susceptibility to AS, but strongly supports the presence of genes other than B27 influencing susceptibility to AS.
Materials and methods
Cases and controls DNA was obtained by standard methods from peripheral venous blood samples from 306 English AS cases (Nuffield Orthopaedic Centre, Oxford, UK) and 204 ethnically-matched healthy B27-positive controls (Oxford Regional Transfusion Centre), and 96 southern German AS cases (Johannes Gutenberg Universität Mainz, Mainz, Germany), 58 B27-positive and 251 B27-negative ethnically matched controls (Mainz regional blood transfusion service). All cases and controls were unrelated, and no results of TNF promoter polymorphisms in either the cases or controls have previously been published. AS was defined according to the modified New York criteria. 35 Ethical approval for the study was obtained from the Central Oxford Research Ethics Committee.
Methods
All cases and controls were typed for HLA-B27 by PCR using sequence-specific primers. 3 Genotyping of the TNF −308 and −238 polymorphisms was performed by PCR-ARMS (PCR-amplification refractory mutation system) method which enables simultaneous typing for both variant alleles (G and A) in a single amplification reaction, using four PCR primers (see Figure 1 ). All subjects were also typed for the TNF −376 polymorphism by PCR/ARMS using the following allele specific primers: −376G 5Ј-CCT GCA TCC TGT CTG GAA G and −376A 5'-TCC TGC ATC CTG TCT GGA AA, and the constant primer −376R 5Ј-GGC TGG GTG TGC CAA CAA C which produce fragments of 396 or 397 bp respectively. In each reaction, a 796 bp fragment was amplified from a conserved region of DRB1 using the following primers: 5Ј-TGC CAA GTG GAG CAC CCA A and 5Ј-GCA TCT TGC TCT GTG CAG AT. Thermocycling conditions were 96°C for 1 min; followed by 5 cycles of 96°C for 35 s, 68°C for 45 s, and 72°C for 35 s; followed by 21 cycles of 96°C for 25 s, 64°C for 50 s, and 72°C for 40 s; followed by six cycles of 96°C for 35 s, 56°C for 60 s, and 72°C for 90 s.
Statistical analysis
Genotype relative risk was calculated by standard methods. 36 For comparison of allelic frequencies, Pvalues were calculated by the 2 statistic, with odds ratios calculated using the cross-products ratio. Linkage disequilibrium was assessed using the standardised DЈ statistic, 37 which measures linkage disequilibrium on a scale from 1 to −1. 27 with minor modifications of the primers selective for the TNF −308.1 and 308.2 alleles to improve amplification characteristics. The primers for the TNF −308.1 allele were: C5: 5Ј-GCC CCT CCC AGT TCT AGT TCT ATC-3Ј and 308Gw: 5Ј-ACC CTG GAG GCT GAA CCC CGA CCC-3Ј (139 bp product), while the rare TNF −308.2 allele (A at −308) was amplified using: C3: 5Ј-AAG CGG TAG TGG GCC CTG CAC CTT-3Ј and 308Aw: 5Ј-GGC AAT AGG TTT TGA GGG GCT TGA-3Ј (216 bp product). Primers C5 and C3 also result in a constant 354 bp band which spans the mutation site and serves as a control band for the amplification. Thermocycling conditions were 32 cycles of 94°C, 63°C and 72°C (45 s each).
